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Abstract 
 
A comprehensive spectroscopic analysis consisting of Raman, infrared (IR) and near 
infrared (NIR) spectroscopy was undertaken on two forms of calcium acetate with 
differing degrees of hydration. A monohydrate (Ca(CH3COO)2.H2O) and half-hydrate 
(Ca(CH3COO)2.0.5H2O) species were analysed. Assignments of vibrational bands due 
to the acetate anion have been made in all three forms of spectroscopy.  Thermal 
analysis of the mineral was undertaken to follow its decomposition under a nitrogen 
atmosphere. Three major mass loss steps at ~120, 400 and 600 °C were revealed. 
These mass losses correspond very well to firstly, the loss of co-ordinated water 
molecules, and then the loss of water from the acetate anion, followed by finally the 
loss of carbon dioxide from the carbonate mineral to form a stable calcium oxide. 
 
Key words: Calcium acetate, Raman spectroscopy, infrared spectroscopy, near 
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Introduction 
 
The vibrational spectroscopy of acetates in both aqueous media and solid state have 
been comprehensively studied over a long period of time[1-4]. Though one of the 
major difficulties associated with studying the spectroscopy of acetates is the large 
amount of variation in the reported literature [5]. In recent years there has been 
spectral data published on Mg, Ni, Co, Na and many other metal acetates [1, 6-8] 
though limited data has been published on calcium acetate.  One of the reasons for 
this is the lack of suitable samples. One sample that may be used is a naturally 
occurring calcium-copper acetate known as paceite [9]. Calcium acetate is an 
important pharmaceutical as it is used as a calcium source and as an antacid.  
 
In this work we report the detailed spectroscopic and thermal analysis of two calcium 
acetate samples having different stoichiometric ratios of coordinated water molecules.  
 
Experimental 
Mineral synthesis: 
 
Two forms of calcium acetate were synthesised from the addition of 20mL of a 1 M 
CaCO3 to 80mL of a 1 M CH3COOH solution. Both solutions were prepared using 
18.2MΩ cm-1 ultrapure water and a 2 fold excess of acetate anions ensured formation 
of the calcium acetate mineral. Approximately 40mL of the solution was then placed 
in a small beaker on a hotplate at 50 °C to yield calcium acetate crystals via forced 
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evaporation. Whilst the remaining solution was allowed to stand at room temperature 
and seeded with a cotton thread to initiate crystal growth. Both calcium acetate 
products produced by forced evaporation and seeded crystal growth were analysed by 
XRD, IR, NIR, TGA and Raman spectroscopy. 
 
X-ray diffraction 
 
X-ray diffraction (XRD) patterns were recorded using CuKα radiation (n = 
154.18 pm) on a Philips PANalytical X-Pert PRO diffractometer operating at 45 kV 
and 35 mA with 0.125° divergence slit, 0.25° anti-scatter slit, between 3 and 75° (2θ) 
at a step size of 0.02°.  
Thermal Analysis 
 
 Thermal decomposition of the calcium acetate minerals was carried out in a 
TA® Instruments Incorporated high-resolution thermogravimetric analyzer (series 
Q500) in a flowing nitrogen atmosphere (80 cm3/min). Approximately 25 mg of 
sample was heated in an open platinum crucible at a rate of 6.0 °C/min up to 1000 °C, 
incorporating a controlled rate thermal analysis program. The TGA instrument was 
coupled to a Balzers (Pfeiffer) mass spectrometer for gas analysis. Only selected 
gases were analysed. 
Infrared spectroscopy 
 
Infrared spectra were obtained using a Nicolet Nexus 870 FTIR spectrometer 
with a smart endurance single bounce diamond ATR cell. Spectra over the 4000−525 
cm-1 range were obtained by the co-addition of 64 scans with a resolution of 4 cm-1 
and a mirror velocity of 0.6329 cm/s.  Spectral manipulation such as baseline 
adjustment, smoothing and normalisation was performed using the GRAMS® 
software package (Galactic Industries Corporation, Salem, NH, USA).  
 
Near-infrared spectroscopy 
 
Near infrared spectra were collected on a Nicolet Nexus FT-IR spectrometer 
with a Nicolet Near-IR Fibreport accessory. A white light source was used, with a 
quartz beam splitter and TEC NIR InGaAs detector. Spectra were obtained from 11 
000 to 4000 cm-1 by the co-addition of 128 scans at a resolution of 8cm-1. A mirror 
velocity of 1.2659 was used. The spectra were transformed using the Kubelka-Munk 
algorithm to provide spectra for comparison with absorption spectra. 
 
Spectral manipulation such as baseline adjustment, smoothing and normalisation were 
performed using the Spectracalc software package GRAMS. Band component 
analysis was undertaken using the Jandel ‘Peakfit’ software package which enabled 
the type of fitting function to be selected and allowed specific parameters to be fixed 
or varied accordingly. Band fitting was done using a Lorentz-Gauss cross-product 
function with the minimum number of component bands used for the fitting process. 
The Gauss-Lorentz ratio was maintained at values greater than 0.7 and fitting was 
undertaken until reproducible results were obtained with squared correlations greater 
than 0.995. 
Raman spectroscopy 
 
The crystals of calcium acetate were placed on the stage of an Olympus 
BHSM microscope, equipped with 10x and 50x objectives. The microscope is part of 
a Renishaw 1000 Raman microscope system, which also includes a monochromator, a 
filter system and a charge coupled device (CCD). Raman spectra were excited by a 
double Nd-YAG laser (532 nm) at a resolution of 2 cm-1 in the range between 100 and 
4000 cm-1.  Repeated acquisitions using the highest magnification were accumulated 
to improve the signal to noise ratio. Spectra were calibrated using the 520.5 cm-1 line 
of a silicon wafer.  Previous studies by the authors provide more details of the 
experimental techniques [10, 11]. Spectral manipulation such as baseline adjustment, 
smoothing and normalisation was performed using the GRAMS® software package.  
 
Scanning electron microscopy (SEM) 
 
Samples were prepared for SEM by placement of a small amount of the 
calcined product on to an aluminium stub with the aid of double sided carbon tape. 
The samples were then coated with a thin layer of carbon to reduce charging during 
analysis. Secondary electron images were obtained using an FEI Quanta 200 scanning 
electron microscope.  Elemental sample analysis was undertaken as required using 
energy dispersive X-ray (EDX) microanalysis.  
 
Results and discussion 
 
X-ray Diffraction: 
 
X-Ray diffraction of the two synthesized calcium acetate compounds was undertaken 
(Figure 1) to confirm its crystallographic structure against known calcium acetate 
diffraction patterns.  
 
From the XRD plot we may observe significant differences in the region from 5-10 
degrees 2 theta between the calcium acetate crystals and the powdered product 
resultant from forced evaporation of the calcium acetate solution. The region for the 
large difference in this region which corresponds to large interplanar lattice spacings 
is most likely due to differences in the amount of water coordinated to the calcium 
acetate molecules. Although both patterns have been identified as a calcium acetate 
hydrate, the calcium acetate crystals have an X-ray pattern closely matched to a 
monohydrated calcium acetate (Ca(CH3COO)2.H2O). Whilst the calcium acetate 
formed through forced evaporation has a diffraction pattern identical to a crystal 
structure that shares one water molecule between every two calcium acetate 
molecules (Ca(CH3COO)2.0.5H2O) 
 
Thermal Analysis: 
 
Thermogravimetric analysis of the calcium acetate hydrate samples, along with the 
respective mass spectra of evolved gases upon decomposition was undertaken. Figure 
2(a) and 2(b) show the thermogravimetric (TG) and differential thermogravimetric 
(dTG) curves of the calcium acetate crystals and calcium acetate synthesized by 
forced evaporation respectively. Whilst figures 3(a) and (b) show the mass spectrum 
of the calcium acetate hydrate crystals and calcium acetate (forced evaporation) . 
 
The differential thermogravimetric curve of the calcium acetate crystals, shown in 
figure 2(a), shows five distinctive mass loss peaks. The mass loss peaks at 75 °C and 
120 °C are due to the loss of water molecules. This claim is supported by peaks in the 
mass spectrum (Figure 3(a)) for mass to charge rations of 18 and 17. The 
experimentally observed mass loss for these two steps is 10.5% which correlates very 
well with the theoretical value of 10.2%. Three quarters of the water molecules are 
lost the first decomposition at 75 °C and the final more stable 25% of bonded water 
molecules is lost at 125 °C as shown in equations 1 and 2. 
  
Step 1 at 75°C  
Ca(CH3COO)2•H2O → Ca(CH3COO)2•0.25H2O + 0.75H2O 
 
 
Step 2 at 120°C 
Ca(CH3COO)2•0.25H2O → Ca(CH3COO)2 + 0.25H2O 
 
The next distinctive decomposition is at around 400 °C with a large peak present at 
392 °C and a smaller mass loss peak at 418 °C. We attribute these peaks to the loss of 
water and some carbon dioxide (supported by peaks in the mass spectrum at 18 and 
44m/z) to from the acetate anion to form a more stable calcium carbonate analogue. 
The experimentally observed mass loss collectively for the two mass loss peaks is 
31.6% whilst the theoretical mass loss was 40.3%. Clearly this is a large difference 
but upon inspection of the equation for step 2 it is clear that it is not balanced with 
respect to the oxygen, as the apparatus may have been sucking in a small amount of 
air which was confirmed by the nature of the 32 m/z curve. The nitrogen used may 
also have contained a small amount of oxygen which is known to be inherently 
difficult to eliminate. Thus, the large difference in the experimental and theoretical 
mass losses is due to oxygen that has inadvertently entered the system. 
 
Step 3 at 392°C and 418°C 
Ca(CH3COO)2 → CaCO3 + CO2 + 1.5H2O  
 
The final distinctive mass loss peak at 595°C is due to the loss of carbon dioxide gas 
from the calcium carbonate to form a very stable calcium oxide material. This is 
supported by a sharp peak in the mass spectrum for a mass to charge ratio of 44 which 
is due to CO2 evolution. The experimentally observed mass loss of 25.9% also 
correlates very well with the theoretical mass loss of 25.0%. The final mass of the 
residual calcium oxide as determined by TGA is 31.91% which correlates well to the 
theoretical mass for the oxide with the chemical formula of CaO of 32.85%.  
 
Step 4 at 595°C 
CaCO3 → CaO + CO2 
 
The differential thermogravimetric curve of the calcium acetate powder synthesized 
via forced evaporation, shown in figure 2(a), shows four distinctive mass loss peaks. 
The mass loss peaks at 137 °C and 175 °C are due to the loss of water molecules. This 
claim is supported by peaks in the mass spectrum (Figure 3(a)) for mass to charge 
rations of 18 and 17.  The experimentally observed mass loss for these two steps is 
5.6% which correlates well with the theoretical value of 5.4% for the loss of one 
water molecule for every two calcium acetate molecules. Half of the water molecules 
are lost the first decomposition at 137 °C and the final more stable water molecules 
are lost at 175 °C as shown in equations 1 and 2. Interestingly the temperature at 
which the water molecules have been lost has increased substantially compared to the 
more crystalline calcium acetate sample. This is though to be the result of the added 
heat used to force the formation of the calcium acetate driving off some of the loosely 
bound water molecules and leaving only the more stable water molecules complexed 
to the calcium acetate molecules 
 
Step 1 at 75°C  
Ca(CH3COO)2•0.5H2O → Ca(CH3COO)2•0.25H2O + 0.25H2O 
 
 
Step 2 at 120°C 
Ca(CH3COO)2•0.25H2O → Ca(CH3COO)2 + 0.25H2O 
 
The next mass loss is at around ~400°C, with a large peak at 379 °C with an evident 
shoulder at around 405°C. We attribute these peaks to the loss of carbon dioxide and 
the remaining water molecules (supported by peaks in the mass spectrum at 18 and 
44m/z) from the acetate anion to form a more stable calcium carbonate analogue. The 
experimentally observed mass loss collectively for the two mass loss peaks is 33.5% 
whilst the theoretical mass loss was 42.3%. Clearly this is a large difference but upon 
inspection of the equation for step 2 it is clear that it is not balanced with respect to 
the oxygen, as the apparatus may have been sucking in a small amount of air which 
was confirmed by the nature of the 32 m/z curve. The nitrogen used may also have 
contained a small amount of oxygen which is known to be inherently difficult to 
eliminate. Thus, the large difference in the experimental and theoretical mass losses is 
due to oxygen that has inadvertently entered the system. 
 
Step 3 at 392°C and 418°C 
Ca(CH3COO)2 → CaCO3 + CO2 + 1.5H2O  
 
The final distinctive mass loss peak at 603°C is due to the loss of carbon dioxide gas 
from the calcium carbonate to form a very stable calcium oxide material. This is 
supported by a sharp peak in the mass spectrum for a mass to charge ratio of 44 which 
is due to CO2 evolution. The experimentally observed mass loss of 29.4% also 
correlates well with the theoretical mass loss of 26.3%. The final mass of the residual 
calcium oxide as determined by TGA is 31.46% which correlates well to the 
theoretical mass for the oxide with the chemical formula of CaO of 32.85%.  
 
Step 4 at 595°C 
CaCO3 → CaO + CO2 
 
X-ray diffraction of the TGA residues was also performed (figure 4) and revealed the 
presence of a calcium carbonate and calcium hydroxide phase. This is not the 
expected product of the thermal decomposition of calcium acetate hydrate. The 
presence of calcium hydroxide and calcium carbonate are though to be  a result of the 
resultant calcium oxide resulting with atmospheric water and carbon dioxide to form 
the two phases. Thus for simplicity we have only indicated that calcium(II) oxide  as 
the final product in the decomposition reactions of calcium acetate hydrate shown 
previously. 
 
Scanning electron microscope images of the TGA residues (Figure 5(a-c)) were also 
acquired along with EDX analysis of the residual powder. There was thought to be a 
possibility that the calcium  acetate hydrate mineral may form calcium  oxide 
nanotubes or other nanostructures upon heating. Such nanotructures may be possible 
as the calcium acetate contains both a metallic calcium catalyst and acetate molecules 
which may act to provide the framework for such nanostructures. Unfortunately, 
analysis of the calcined product only illustrated the presence of a residual calcium 
oxide (determined by EDX analysis (figure 6) in the form of a typical high surface 
area sintered metal oxide. Though, upon close inspection of the overall shape of the 
calcium oxide materials a classic example of the applicability of Sol-Gel processing is 
evident. Upon heating of the initial calcium acetate crystals a highly porous  sintered 
metal oxide that has formed  through the retention of the initial structure of the 
calcium acetate crystals. 
 
Near Infrared Analysis: 
 
For both calcium acetate species, the NIR spectrum consists of both O-H vibrations 
resulting from water units and C-H vibrations from the methyl group of the acetate 
anion. The spectrum has been divided into three regions being; O-H combination 
bands (Figure 7), O-H and C-H overtones (Figure 8), and the first fundamental O-H 
overtones (Figure 9). The result of band component analysis of the NIR, IR and 
Raman spectrum are shown collectively in Table 1.  
 
The first fundamental overtone region shown in Figure 7 (6400-7700 cm-1) is due to 
overtones of the water O-H stretching vibrations evident in the infrared spectrum. The 
NIR bands that were resolved at 7397, 7248, 7064, 6760 and 6620 cm-1 for the 
monohydrated acetate are most likely due to overtones of the mid-IR bands that are 
present between 3147 and 3571 cm-1. A similar situation is observed for the half-
hydrated acetate with bands between 6738 and 7381 due to the first fundamental 
overtone of the IR active bands between 3169-3509 due to the close match observed 
from simply doubling these bands.   
 
The NIR spectrum of the water, O-H, and are due to methyl, C-H, overtones is shown 
in Figure 8 in the region from 5500-6200 cm-1. The calcium acetate monohydrate 
sample the three bands at 6066, 5988 and 5913 cm-1 are due to the first fundamental 
overtone or combinations of the Raman active CH stretching vibrations between 2932 
and 3024 cm-1. Similarly the less hydrated acetate exhibits a similar set of bands at 
6037, 5973 and 5922 which are also due to overtones or combinations of the Raman 
active CH stretching vibrations between 2928 and 3010 cm-1. In both spectra a series 
of bands is evident from ~5790cm to ~5650cm-1 and are due to water overtones and 
are typical of a water type spectrum for minerals. 
 
Figure 9 shows the region of the NIR spectrum from 4200-5400 cm-1 which is 
dominated by combination bands involving O-H stretching and deformations as well 
as C-H stretching and deformations. The complex series of bands in both spectra 
present from ~4600 – 4280 cm-1are due to the combination of Raman active bands 
present between ~2930-3020 cm-1 (attributed to C-H stretching vibrations) with bands 
between 1340-1470 cm-1 (attributed to C-H deformations). The number of resolved 
bands in this region simply demonstrates the complexity of the calcium acetate 
molecular structure. Finally the bands present at ~5230 – 5000 cm-1in  the NIR 
spectrum are due to combinations of the O-H stretching vibrations evident in the mid-
IR between 3170-3570cm-1 with the weak O-H deformations which were observed in 
the Raman spectrum between 1640-1670cm-1. 
 
Infrared Analysis: 
 
Figure 10 shows the Infrared spectrum of the two forms of calcium acetate hydrate in 
the region from 2700-3700 cm-1. We see two weak bands in the monohydrated form 
at 3001 and 2927 cm-1 which are due the anti-symmetric vas(CH3) and symmetric 
vs(CH3) methyl stretching vibrations respectively. A similar phenomenon is observed 
for the less hydrated calcium acetate formed by forced evaporation, with weak bands 
present at 2993 and 2934 cm-1. Several broad bands in the region from at 3509, 3344 
and 3169 cm-1 for Ca(CH3COO)2.0.5H2O and at 3571, 3519, 3385 and 3147 cm-1 for 
Ca(CH3COO)2.H2O are evident and are due to H-bonded v(O-H) stretching vibrations.  
 
 
Figure 11 shows the region of the spectrum from 1200-1600cm-1 which is dominated 
by CH3 bending and C-O stretching vibrations. Upon band component analyses a 
complex series of bands was elucidated and are assigned as described below. The 
small broad peak present at 1340 cm-1 for Ca(CH3COO)2.0.5H2O and 1350 cm-1 for 
Ca(CH3COO)2.H2O is due to the symmetric methyl bending vibrations δs(CH3) of the 
acetate anion. The antisymmetric methyl bending (δ’as(CH3))  vibration is observed at 
1406 and 1413 cm-1 for the half-hydrated and monohydrated calcium acetate species. 
Two bands are observed at around 1450cm-1 for both acetate samples and may be 
attributed to the symmetric stretching vibration of the C-O bond. For the 
monohydrated calcium acetate these bands appear at 1442 and 1459cm-1 whilst the 
less hydrated molecule has two distinct bands at 1446 and 1467cm-1. The calcium 
acetate half-hydrate displays an intense series of bands at 1540, 1567 1582 and 1599 
cm-1 which may be the result of antisymmetric C-O (vas(C-O)) stretching vibrations. 
The bands at 1528, 1560, 1578, 1604cm-1 are due to antisymmetric C-O (vas(C-O)) 
stretching vibrations similarly.   This assignment of the C-O antisymmetric stretching 
vibration over such a wide range of wave numbers is supported by other authors [12] 
Finally the calcium acetate formed through forced evaporation shows some very weak 
bands at 1648 and 1689 cm-1 which are due to stretching of the carbonyl C=O bond 
present. 
 
Figure 12 shows the low wavenumber region of the Infrared spectrum from 575-1100 
cm-1 and is dominated by a series of sharp intense peaks. Firstly, the calcium acetate 
half-hydrate exhibits two poorly defined peaks at 620 and 613cm-1 which is due to out 
of place stretching vibration of the O-C-O fragment (ρop(OCO))  of the acetate anion. 
Similarly bands at 616 and 623cm-1 are observed for monohydrated calcium acetate. 
Though, the fully hydrated compound also exhibits an additional stretching vibration 
at 642cm-1 which is also a result of out of plane stretching vibrations of the O-C-O 
fragment. Both forms of calcium acetate have an intense peak at 659 and ~672 cm-1 
which is due to the symmetric twisting and rocking of the O-C-O (i.e. δ(OCO) and 
δs(OCO)) fragment. The v(C-C) stretching vibration of the acetate anion has split into 
a three peak feature at 932, 945 and 961cm-1 in the Ca(CH3COO)2.0.5H2O  species 
and into four component bands for the monohydrated calcium acetate at 925, 946, 951 
and 961 cm-1. The in-plane bending vibration of the methyl group ρip(CH3) appears as 
a single broad peak in the less hydrated acetate at 1022cm-1 and as a sharp intense 
peak at 1030cm-1 with a broad shoulder at 1013 cm-1 for the monohydrated version. 
Finally, the out of plane stretching vibration of the methyl group (ρop(CH3)), has split 
into a two peak feature in both the half-hydrate and monohydrate acetates at 1048, 
1056cm-1 and 1051, 1059 cm-1 respectively. 
 
 
Raman Spectroscopy: 
 
Figure 13 shows the 2850-3050cm-1 region of the infrared spectra that is dominated 
by non-polarised C-H stretching vibrations. In both the monohydrate and half-hydrate 
calcium acetate Raman spectrum a very strong band is observed at 2932 and 2928 cm-
1 respectively which are due to the symmetric stretching vibration of C-H bonds 
(vas(CH3)) of the methyl group. A number of weak bands are also quite evident in the 
region from 2960-3025 cm-1 for both forms of calcium acetate and are due to 
antisymmetric C-H (methyl) stretching vibrations (v’as(CH3)) within the acetate anion. 
 
Figure 14 shows the 1700-1250 cm-1 region of the Raman spectrum exhibiting a 
multitude of different stretching and bending vibrations. Firstly we observe a very 
weak broad band in the monohydrate and half-hydrate spectra at 1679 and 1675 cm-1. 
These bands are due to the carbonyl v(C=O) stretching vibration. There are also 
several other weak bands in both spectra at around 1560-1600cm-1 due to the 
antisymmetric C-O stretching vibration (vas(C-O)). Though, by far the most intense 
peak in this region is at 1473 cm-1 for the monohydrate and 1476 cm-1 for the less 
hydrated acetate and is due to the symmetric stretch of the C-O fragment of the 
acetate entity. Bands at 1438 and 1410cm-1 for Ca(CH3COO)2.H2O and at 1422 cm-1 
for Ca(CH3COO)2.0.5H2O correlate well with the expected frequency of 
antisymmetric bending vibrations of the methyl group δ’as(CH3) [12]. Finally the 
symmetric bending vibration of the methyl δs(CH3) group for both the monohydrate 
and half-hydrate acetate have split into two bands and are present at 1345, 1365 cm-1 
and 1339 and 1356 cm-1 respectively. 
 
Figure 15 shows a very small region of the Raman spectra from 900-985cm-1, though 
highlights quite clearly a glaring difference between the spectra of these two similar 
compounds. This region of the Raman spectra for most metal acetates is dominated by 
the symmetric C-C stretching vibration (v(C-C)) of the acetate anion. Interestingly 
this vibration has split into three component bands at 930, 945 and 965cm-1 for 
calcium acetate monohydrate and four component bands at 925, 947, 954 and 963cm-1 
for calcium acetate half-hydrate. 
 
Figure 16 represents the final region of the Raman spectra from 450-710cm-1 which is 
comprised mainly of OCO in-plane and out-of-plane bending vibrations. The bands at 
687, 671 for the monohydrate and the bands at 670 and 663 for the half-hydrate 
acetate are due to symmetric OCO bending and twisting vibrations (δs(OCO) and 
δ(OCO)). Whilst the bands at 642, 623 and 615 cm-1 are due to the out-of-plane OCO 
bending vibrations ρop(OCO) for Ca(CH3COO)2.H2O. Likewise, are the clearly 
resolved bands at 643 and 619cm-1 in the spectrum for the less hydrated acetate. 
Finally the single broad band evident in both spectra at around 478cm-1 is due to the 
in-plane bending vibrations of the OCO fragment ρip(OCO) of the acetate anion. 
 
All of the band assignments stated above have been summarised into a data table with 
the respective assignments and is shown in Table 2. 
 
Conclusions 
 
A comprehensive spectroscopic and thermal analysis of two forms of calcium acetate 
with differing degrees of hydration was undertaken. Vibrational bands due to the 
acetate anion have been assigned in Raman, IR and NIR spectroscopic techniques. 
Evident differences in the spectroscopic data that have arisen due to the differing 
crystal structure have been identified. Thermal analysis of calcium acetates revealed 
essentially a three stage decomposition sequence. Firstly water is lost from the 
hydrated acetate to form dehydrated calcium acetate, next the acetate anion loses 
water to form a more stable calcium carbonate species and finally the carbonate anion 
breaks down to form a highly stable calcium oxide. The resulting sintered metal oxide 
formed after TGA was comprised mainly of a calcium (II) oxide phase, as confirmed 
by X-ray diffraction and EDX analysis. The half-hydrated calcium acetate was found 
to be more thermodynamically stable than the fully hydrated calcium acetate. 
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Table 1: Combined NIR, IR and Raman spectral analysis data table
Calcium acetate monohydrate Calcium acetate bihydrate 
Infrared / cm-1 Raman / cm-1 Infrared / cm-1 Raman / cm-1 Assignments 
3571    
   3531 
3519  3509  
3385 3366   
  3344  
  3169  
3147    
v(O-H)  
 3024 3017  
3001 3005 2993 3010 vas(CH3)  
 2984  2980 
2963   2970 v’as(CH3) 
2927  2934 2938 
 2932  2928 vs(CH3) 
 1679 1689 1675 
1658  1648  v(C=O) 
1604  1599 1601 
1578 1581 1582  
1560  1567 1560 
1528  1540  
vas(C-O) 
1467 1473 1459 1476 
1446  1442  vs(C-O) 
 1438   
1413 1410 1406 1422 δ’as(CH3)   
 1365 1355  
1350  1340 1356 
 1345  1339 
δs(CH3) 
1059  1056  
1051  1048  Ρop(CH3) 
1030  1022 1028 
1013    ρip(CH3) 
961 965 961 963 
952   954 
946 945 945 947 
925 930 932 925 
v(C-C) 
687    
671 671 673 670 
659 659 659 663 
δs(OCO) and 
δ(OCO)  
642 642  643 
623 622 620 619 
616 615 613  
ρop(OCO)) 
 478  479 ρip(OCO) 
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Figure 6: EDX spectrum of Calcium acetate crystals 
 
Figure 7: NIR analysis of Calcium acetate: 6400-7400cm-1 
 
Figure 8: NIR analysis of Calcium acetate: 5500-6200cm-1 
 
Figure 9: NIR analysis of Calcium acetate: 4200-5400cm-1 
 
Figure 10: Infrared analysis of Calcium acetate: 2700-3700cm-1 
 
Figure 11: Infrared analysis of Calcium acetate: 1200-1750cm-1 
 
Figure 12: Infrared analysis of Calcium acetate: 575-1100cm-1 
 
Figure 13: Raman analysis of Calcium acetate: 2650-3300cm-1 
 
Figure 14: Raman analysis of Calcium acetate: 1250-1700cm-1 
 
Figure 15: Raman analysis of Calcium acetate: 900-985cm-1 
 
Figure 16: Raman analysis of Calcium acetate: 450-710cm-1 
 
 
 
 
 
 
 
 
Figures: 
 
 
 
Figure 1(a): XRD of Calcium acetate (forced evaporation and crystal growth 
methods) with reference patterns 
 
 
 
Figure 2(b): TGA of calcium acetate crystals 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2(a): TGA of thermally evaporated calcium acetate (Heated) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
Figure 3(a): MS of Calcium acetate (heated) 
 
Figure 3(b): MS of Calcium acetate (crystals) 
 
 
Figure 4: XRD analysis of TGA residues calcium acetate samples 
 
 
Figure 5(a): SEM image of Calcium acetate heated 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5(b): SEM image of calcium acetate crystals (low magnification) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5(c): SEM image of calcium acetate crystals (high magnification) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 6: EDX spectrum of Calcium acetate crystals 
 
 
 
 
 
 
 
 
 
Figure 7: NIR analysis of calcium acetate: 6400-7700cm-1 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 8: NIR analysis of Calcium acetate: 5500-6200cm-1 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 9: NIR analysis of Calcium acetate: 4200-5400cm-1 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 10: Infrared analysis of Calcium acetate: 2700-3700cm-1 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 11: Infrared analysis of Calcium acetate: 1200-1750cm-1 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 12: Infrared analysis of Calcium acetate: 575-1100cm-1 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 13: Raman analysis of Hoganite: 2850-3050cm-1 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 14: Raman analysis of Hoganite: 1250-1700cm-1 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 15: Raman analysis of Hoganite: 900-985cm-1 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 16: Raman analysis of Calcium acetate: 450-710cm-1 
 
 
 
